Six ruminally cannulated steers, five Holsteins and one Hereford (250 to 295 kg), were fed 84% forage sorghum silage plus 16% supplement or 50% forage sorghum silage plus concentrate and supplement diets containing either no addition (controls), 1% sodium bicarbonate (NaI-1CO 3 ) or 2% sodium bentonite in a 2 X 3 factorial arrangement of treatments in a 6 • 6 Latin-square experiment with 3-wk periods. Sodium bicarbonate increased dry matter (DM) intake when concentrate was included, but neither compound affected intake of the 84% silage diet. Bentonite lowered DM, neutral detergent fiber (NDF), and acid detergent fiber (ADF) digestibilities, but NDF disappearance from nylon bags was unchanged. Ruminal pH, osmolality and L(+) and D(-) lactate were not affected by treatment. Both NaHCO 3 and bentonite tended to lower ruminal NH~-N concentrations. Bentonite lowered the molar proportion of isobutyrate in ruminal fluid relative to controls, but proportions of other volatile fatty acids (VFA) and total VFA concentrations were unchanged. Neither NaHCOz nor bentonite affected ruminal liquid or solid volumes, dilution rate constants or ruminal outflow rates. Markers overestimated volumes, but correction with measured volumes did not change interpretation of treatment effects. It was concluded that control diets had sufficiently high baseline values of pH, dilution rate and acetate proportion to preclude changes induced by either compound, especially at 1 or 2% of DM intake. An effect on palatibility through neutralization of silage acids may have been responsible for the intake response to NaHCO 3 .
Introduction
The concept of adding buffering compounds to silage diets has generated considerable interest. Silages present a dietary acid load to the rumen, and the high moisture content and reduced particle size are thought to lower input of salivary buffers (Bartley, 1976) . Ruminal pH values of 6.7 to 7.1 are known to be optimum for celluloytic microbes (Mertens, 1979 ) and increasing silage pH has been associated with greater intake (Shaver et al., 1985) . Bentonite, an aluminum silicate clay, is not a buffering compound, but has been shown to aid t Contribution no. 86-44-J from the Kansas Agr. Exp. Sta.
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3 Dept. of Anim. Sci. and Ind. 4 Dept. of Statist. Received August 26, 1985 . Accepted April 7, 1986 in the transition to high concentrate diets (Huntington et al., 1977) and to increase the molar proportion of ruminal acetate in milkfatdepressing diets (Rindsig et al., 1969) . Most studies where silages have been fed with bentonite or NaHCO3 have been concerned with high-concentrate feeding programs. Less work has been done with high-silage diets, particularly those based on forage sorghum silage. Recent results (Bolsen and Axe, 1984) show increases in feed efficiency of growing cattle fed silage with 1% NaHCO3 additions, levels that would support economically feasible improvements in performance. Also, addition of 2% bentonite increased intake of corn silage diets for lambs compared with control or bentonite + .75% MgO (Dehaan et al., 1984) . The following study was undertaken to examine the effects of NaHCO3 and bentonite addition on intake, digestibility, ruminal fermentation characteristics and solid and liquid flow rates when added to diets with 84% sorghum silage and 50% sorghum silage plus concentrate.
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Experimental Procedures
Five ruminally cannulated Holstein steers and one Hereford (250 to 295 kg) were allotted to forage sorghum silage-based diets in a 6 x 6 Latin square balanced for residual effects. The six treatment combinations resulted from a 2 x 3 factorial arrangement. Three diets contained 84% silage and 16% supplement;three contained 50% silage, 34% rolled sorghum grain and 16% supplement ( frozen. Following the collection period, samples for each animal were composited and representative samples taken. Feed and fecal samples were dried in a forced-air oven at 50 C and ground in a Wiley mill through a 1-mm screen. Analyses included organic matter (OM) by ashing in a muffle furnace at 600 C (AOAC, 1984) , neutral detergent fiber (NDF; Van Soest and Marcus, 1964) , acid detergent fiber (ADF; Van Soest, 1963) , and starch determined as totalqinked glucose polymer as described by MacRae and Armstrong (1968) . As bentonite is not digested, corrections were made for ash content before calculations of NDF and ADF digestibilities.
Weighted Nitex s bags (6 x 12 cm, 44-/am pore size) containing approximately 1 g (DM) of fresh silage ground with dry ice through a 1-mm screen were placed in the rumen before the 800-h feeding on d 7 of the coUeetion period. Three bags (duplicates and a blank) were removed at 4, 8, 12, 24, 48 and 96 h, rinsed with tap water, and frozen for subsequent NDF and OM analysis. The percentage of NDF remaining at 96 h was termed indigestible and subtracted from the original percentage of NDF in the silage to determine potentially digestible NDF. Rate constants for NDF disappearance were calculated by plotting the natural log of the remaining potentially digestible NDF against time.
Ruminal fluid samples were removed by suction strainer at 0, 1, 3, 5 and 7 h post-feeding on d 17; pH was determined with a combination glass electrode. Samples for measuring NH3-N concentration were treated with mercuric chloride (HgC12) and immediately analyzed using the Modified Conway Microdiffusion Method (Conway, 1962) . Samples for measuring lactic acid and volatile fatty acid (VFA) concentrations were acidified and frozen for later analysis. Concentrations of D(--) and L(+) lactate were determined according to Gutmann and Wahlefeld (1974) . After centrifugation at 39,000 • g, ruminal fluid VFA were analyzed using a Hewlett-Packard 6 Model 5890 gas chromatograph fitted with a 6-mm x 2-m column containing 10% SP 1200/1% H3PO 4 on 80/i00 W AW Chromsorb. The column was maintained at 135 C with inlet and detector at 200 C and a carrier (N 2) flow of 80 ml/min. Osmolality of centrifuged ruminal fluid was measured by freezing point depression on a Precision Systems Micro Osmometer 7, Pulse doses of sodium cobalt:EDTA (25 g Co:EDTA) and 200 g chromium-mordanted silage fiber (7.9% Cr) prepared according to Uden et al. (1980) were given through the fistula before the 800-h feeding on d 18. Mordanted fiber doses were mixed in the rumen by hand. Liquid marker doses were injected at several points using a repeating syringe to aid in equilibration with ruminal fluid. Twenty-four fluid and 16 particulate samples were removed over the following 3 d and used in estimating solid and liquid volumes and flow rates as described by Warner and Stacy (1968) . Ruminal fluid samples were taken every 2 h during the first 24 h, then at 4-h intervals for the remaining 48 h. Particulate samples were taken every 4 h beginning 16 h post-dosing. Fluid samples were centrifuged at 39,000 • g, and particulate samples were wet-ashed (AOAC, 1984) . Analysis of cobalt and chromium were done by atomic absorption spectroscopy.
Ruminal contents were emptied through the fistula at the end of each period. Contents were Hewlett-Packard Co., Rt. 41, Avondale, PA. 7Precision Systems, Inc., 60 Union Avenue, Sudbury, MA.
weighed, mixed by hand for 5 min, and duplicate samples taken. Samples were oven-dried for 72 h. Liquid and solid volumes obtained were compared with marker estimates.
Data were analyzed using the general linear model (Graybill, 1976) , which is equivalent to the model and computations presented by Cochran and Cox (1957) . A design accounting for residual effects of preceeding treatments was selected to facilitate the use of 3-wk experimental periods where 84% silage and 50% silage plus treatments were quickly interchanged. For each response, the model was Y., =/a + P: + a. + b. + C.. + R + E.., where ~.. refers'to me response or aroma1 j In perloo 1. t'. ana ~.
l j were period and animal effects. A k and b I were main effects of concentrate and additive, respectively, while Ckl was the interaction of main effects. R was the residual effect of mn concentrate level m in combination with additive n. Residual effects, which could only be calculated for periods 2 through 5, were never significant. In some cases the effect of a covariate (DM intake) was tested. Tests of significance among treatment means were accomplished using an LSD protected by a significant F-test. For fermentation measurements taken over the feeding period, multivariate analysis and Wilkes Criterion were used to evaluate the effect of time of sampling on treatment and concentrate inclusion effects. Where interactions were insignificant, data over time were pooled and means presented.
Results
Intake, digestibility, and NDF disappearance results are presented in table 2. Animals receiving the 50% silage diet had higher (P<.01) DM intakes than those consuming the 84% silage diet. Addition of NaHCO3 increased intake of the 50% silage.diet (P<.01), but not of the 84% silage diet. Differences in water intake per kg of DM intake were not significant (P>.05). Dry matter, OM and NDF digestibilities did not differ between 50% silage and 84% silage diets. Bentonite lowered DM and NDF digestibilities (P<.05), but neither compound affected OM digestibility. The 84% silage diets had higher starch and ADF digestibilities (P<.01)than the 50% silage diets. Bentonite lowered ADF digestibility (P<.01), whereas no effect of additive was seen on starch digestibility.
Rate constants for NDF disappearance (table  2) were low for all six diets, and emphasize the slow digestion of sorghum silage compared with similar measurements for corn silage (8.2%/h, Varga and Hoover, 1983) . At 24 h, more of the original NDF remained for the 50% silage-bentonite diet (P<.01), whereas bentonite did not affect NDF removal for the 84% silage diet. Multivariate analysis indicated that variation over the sampling period"was unaffected by additive or concentrate addition, thus means over time are presented for ruminal pH, osmolality, L(+) and D(--) lactate, NH3-N and VFA in table 3. Neither NaHCOs nor bentonite affected ruminal pH. Mean pH of the 50% silage diets was expectedly lower (P<.01) than that of the 84% silage diets, yet this difference was only .12 pH units. Ruminal fluid osmolality was unaffected by additive or inclusion of concentrate. No differences were observed in mean L(+) or D(--) lactate due to additive or concentrate inclusion.-Mean concentrations of D(--) and L(+) lactate (table 3) reflect a sharp increase at 1 h post-feeding for all six diets because of dietary lactate in the silage (8.78% of the silage DM). Concentrations at 0, 3, 5 and 7 h averaged .01 mM for L(+) and .002 mM for D(--) lactate. Ruminal NH 3-N concentrations were uniformly low for these forage sorghum silage-based diets. Both NaHCO 3 and bentonite lowered (P<.01) ruminal NH 3-N concentration relative to controls.
Analysis of mean VFA concentration over time (table 3) showed that 50% silage diets had higher (P<.05) total VFA concentrations than 84% silage diets. NaHCO3 tended to produce higher mean VFA concentrations, but only approached significance. Neither NaHCO3 nor bentonite addition affected molar proportions of acetate, propionate, butyrate, valerate or isovalerate. Bentonite consistently lowered (P<.01) the molar proportion of isobutyrate. The addition of concentrate to the sorghum silage failed to lower the proportion of acetate but did lower (P<.01) molar proportion of propionate, which was unexpected given the well-recognized shift toward propionate when the forage:concentrate ratio is lowered. Molar proportions of isobutyrate and isovalerate were unaffected by concentrate addition, whereas butyrate proportions decreased (P<.01).
Neither NaHCO3 nor bentonite affected liquid or particulate volumes, dilution rate constants, or flow rates calculated using markerdetermined or ruminal-empty volumes (table  4) . Marker-determined (P<.05) and measured (P<.01) ruminal liquid volumes were higher and rate constants for marker disappearance were lower (P<.01) for 84% silage diets than for 50% silage diets. Particulate volumes followed a similar pattern, but differences between 50% silage and 84% silage diets were not significant.
Discussion
Diet intake and animal production responses to NaHCO3 vary, but increases appear most frequently during the early portion of the feeding period in the feedlot (Huntington et al., 1977) or in early lactation (Erdman et al., 1980; Rogers et al., 1982) . Embry et al. (1968) fed corn and sorghum silage for 113 d to growing steers with and without NaHCO3 and observed faster rates of gain with NaHCO3 for both silages, with corn silage providing the greater increase. Also, intake of corn, but not sorghum silage, was increased. The NaHCO3-induced increase in DM intake observed in this study for the 50% silage diet may correspond to the "early feeding period" response in the previously mentioned reports. Experimental periods were short, and diet switches abrupt. It is unknown whether the intake response would be sustained over a longer feeding period.
No changes in digestibility were seen in response to NaHCO3, but bentonite depressed DM and fiber digestibilities. Nutrient digestibilities, particularly NDF and starch, have been reported to change with NaHCO3 addition (Erdman et al., 1982) . Beneficial effects on fiber digestion have been related to the fact that NaHCO3 maintains pH within an optimal range (6.7 to 7.1) for growth and activity of cellulolytie bacteria (Mertens, 1979) . Reductions sometimes observed in ruminal starch digestion have been attributed to an increased dilution rate, which might shorten exposure of the substrate to ruminal microbes (Harrison, et al., 1975) . However, dilution rates on these forage sorghum silage diets were 7 to 9%/h and were not further affected by NaHCO3 or bentonite. Initially high dilution rates plus control diet pH values within a favorable range for fiber digestion make the failure of NaHCO3 to affect pH, NDF digestion rate, or total NDF digestion not surprising. Martin et al. (1969) noted a tendency for bentonite to decrease DM digestibility of a high-roughage, cottonseed hull-sorghum grain diet because it was increased from 0 to 8%, but OM digestibility was not affected. In the same report, 2% bentonite improved feed utilization 
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'doo of the high-roughage diet by growing lambs, but had no effect when included in a high-concentrate diet. Rindsig and Shultz (1970) found no changes in DM digestibility, but reported decreases in digestible energy and protein when 5 or 10% bentonite were added to a high concentrate dairy cattle diet. Neither NaHCO3 nor bentonite produced the changes in pH, osmolality, molar percentages of VFA or ruminal liquid dilution that were observed in a number of other reports. Major differences seen between this study and others were the use of forage sorghum silage, a slowly fermentable feedstuff, and the inclusion of only 1% NaHCO3 and 2% bentonite. Rogers and Davis (1982a) reported that 5% NaHCO3 increased ruminal osmolality in steers fed 50% corn silage diets, whereas infusions of 288 g/d of NaHCO3 increased osmolality of high-roughage but not high-concentrate diets (Rogers and Davis, 1982b) . One percent NaHCO3 failed to produce a similar change in lactating cows fed 40% corn silage (Erdman et al., 1982) . Bentonite at 3% of the diet did not change ruminal fluid osmolality of beef steers fed a high-roughage diet (Galyean and Chabot, 1981) . Changes in osmolality are thought to be responsible for the increase in dilution rate sometimes seen when NaHCO3 is added to the diet (Harrison et al., 1975) . Neither dilution nor osmolality changed in the present study nor in that of Erdman et al. (1982) when NaHCO3 was added at 1% of DM intake.
Because of differing diets, intake amounts and levels of buffer inclusion, data on total VFA responses are varied in the literature. Using a 50% corn silage diet supplemented with 5% NaHCO3, Rogers and Davis (1982a) found no significant increase in total VFA produced per kilogram DM intake, yet VFA concentrations were lower than the control. The effect on VFA concentration was attributed to increased intake and liquid dilution, which reduced retention time of the dry matter. The same authors found no changes in total VFA concentrations or production rates in response to intraruminal infusion of NaHCO3 when steers were fed an 82% forage diet.
Bentonite consistently lowered the molar proportion of isobutyrate in the present study. Both NaHCO 3 and bentonite have been shown to increase the molar proportion of acetate and decrease that of propionate (Rogers and Davis, 1982a,b) but, frequently, no changes are reported (Galyean and Chabot, 1981 ; Rogers et al., 1985) . Trenkle (1979) summarized a number of studies where NaHCO3 had been included in beef cattle diets and concluded that when control diet pH was below 6.2, then NaHCO3 increased the proportion of acetate similar to that observed in dairy cattle. Increases in acetate proportion by NaHCO3 have been attributed to pH and(or) dilution rate increases (Esdale and Satter, 1972) , whereas a similar change brought about by non-buffering bentonite would more likely be a result of increasing dilution rate (Davis, 1979) .
While both NaHCO3 and bentonite have been shown to increase dilution rate and(or) total flow (Rogers and Davis, 1982a,b) , dilution and flow data presented here agree with a number of other reports where relatively high proportions of forage have been used with 1 to 2% NaHCO3 or bentonite (Galyean and Chabot, 1981; Snyder et al., 1984; Rogers et al., 1985) . Erdman et al. (1982) pointed out that apparently 3 to 4% NaHCO3 was necessary to alter dilution rate. Since the high baseline flow rates of predominantly forage diets are known to be resistant to further change (Harrison et al., 1975) , the lack of a dilution response, particularly on the 84% silage diet, was expected.
Typically, including grain in a diet has decreased liquid flow (Davis, 1979; Rogers and Davis, 1982b) . Increasing intake, however, has often promoted higher liquid flow (Galyean et al., 1979; Stokes et al., 1985) and solid passage (Zinn and Owens, 1980) . While it was expected that the higher DM intake of the 50% silage diets could account for the higher liquid and particulate dilution rate constants, including DM intake as a covariate proved insignificant.
Liquid volume estimates were 9 to 15 liters greater than actual measured amounts, whereas estimated particulate volumes were .7 to 1.4 kg higher. Many others have found that ruminal markers overestimate volume (Erdman et al., 1982; Snyder et al., 1984; Rogers et al., 1985) . Flow rates calculated by multiplying measured ruminal volumes by dilution rate constants did not change interpretation of treatment effects, but lowered outflow estimates considerably for both liquid and particulate matter.
In conclusion, pH, dilution rate and the molar proportion of acetate, known to be affected by NaHCO3 or bentonite added to more fermentable diets, appeared to have high enough basal levels in the control diets to preclude changes induced by either compound, especially at 1 to 2% of DM intake. The data did not indicate what brought about the intake response to NaHCOa on the 50% silage diet. It is possible that the NaHCO3 added at feeding may have exerted some effect on palatability that remained unexpressed in the 84% silage diet. Intake of ensiled forages has been related to DM content (Ward et al., 1966) , organic acid content (McLeod et al., 1970; Wilkinson et al., 1976) and hydrogen ion content (Shaver et al., 1985) . Though total DM intakes of 50% silage diets in this study were higher, less silage and, therefore, fewer fermentation acids were consumed. Possibly the available NaHCOa was better able to raise pH of the total diet, especially when fed in combination with a slowly fermentable grain such as sorghum.
